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( START )

providing a chip subassembly comprising two active
chips and a bridge chip, wherein the bridge chip has
an active surface facing and being partially
overlapped with the active surfaces of the two active
chips, respectively, thereby providing a proximity
communication between the two active chips

—~—S11

forming a vesicant material on a substrate or

on the backside surface of the bridge chip 512

mechanically and electrically connecting the active
chips to the substrate such that the vesicant
material is disposed between the substrate and
the backside surface of the bridge chip

—~—S13

expanding the vesicant material by heating the
substrate to form a buffer structure filingagap —~—S14
between the substrate and the bridge chip

END

FIG. 4
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1
SEMICONDUCTOR DEVICE PACKAGE
HAVING A BUFFER STRUCTURE AND

METHOD OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to a device package, and
more particularly to a semiconductor device package.

2. Description of the Related Art

Nowadays, the semiconductor technology has been
applied to uncountable products including memory cards,
computers, mobile phones, monitors, etc. The semiconductor
manufacturing process requires accuracy because of the min-
iature size and delicate structure of the semiconductor com-
ponents, thus each step during the process is strictly moni-
tored and controlled in case of mistakes happening. However,
even so the yield and quality of semiconductor-related prod-
ucts remain limited, and the requirement for the functionality
of the products is getting higher among the consumers.

On the manufacturing process, a semiconductor device
package is easily damaged due to cracks in the chips of the
package when the chips are subjected to stress. The flaws of
chips are mostly caused by the process gadgets or because of
the fragile feature of the chip structure. It is therefore neces-
sary for all the manufacturers to seek for a solution to the
above mentioned problems of the conventional operation.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a semi-
conductor device package and a method of fabricating the
same. The semiconductor device package has a buffer struc-
ture for controlling the gap between the chip and the substrate
and absorbing the impact to the chip, which avoids damages
to the chip and thus improves the yield and quality of the
relative products.

The invention achieves the above-identified object by pro-
viding a semiconductor device package including a substrate,
a buffer structure, two active chips and a bridge chip. The
substrate has a cavity, a first surface and a second surface
opposite to the first surface. The cavity is extended from the
first surface toward the second surface, and the buffer struc-
ture is disposed in the cavity. The active chips are mechani-
cally disposed on and electrically connected to the first sur-
face and around the cavity, wherein the active chips both have
a first active surface. The bridge chip is disposed in the cavity
and above the buffer structure, wherein the bridge chip has a
second active surface, the second active surface faces the first
active surfaces and is partially overlapped with the first active
surfaces, the bridge chip is used for providing a proximity
communication between the active chips.

The invention achieves the above-identified object by pro-
viding a semiconductor device package including a substrate,
abuffer structure, two pillar sets, two active chips and a bridge
chip. The substrate has a first surface and a second surface
opposite to the first surface. The buffer structure is disposed
on the first surface. The pillar sets are disposed on two sides
of'the buffer structure respectively, and each of the pillar sets
has a plurality of pillars. The active chips are mechanically
disposed on the pillar sets and electrically connected to the
first surface, wherein the active chips both have a first active
surface. The bridge chip is disposed on the buffer structure
and below the active chips, wherein the bridge chip has a
second active surface, the second active surface faces the first
active surfaces and is partially overlapped with the first active
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surfaces, the bridge chip is used for providing a proximity
communication between the two active chips.

The invention achieves the above-identified object by pro-
viding a method of fabricating a semiconductor device pack-
age, the method includes the steps of providing a chip subas-
sembly comprising two active chips and a bridge chip,
wherein the bridge chip has an active surface facing and being
partially overlapped with the active surfaces of the two active
chips, respectively, thereby providing a proximity communi-
cation between the two active chips; forming a vesicant mate-
rial on a substrate or on the backside surface of the bridge
chip; mechanically and electrically connecting the active
chips to the substrate such that the vesicant material is dis-
posed between the substrate and the backside surface of the
bridge chip; and, expanding the vesicant material by heating
the substrate to form a buffer structure filling a gap between
the substrate and the bridge chip.

Other objects, features, and advantages of the invention
will become apparent from the following detailed description
of the preferred but non-limiting embodiments. The follow-
ing description is made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a semiconductor device package according to
a preferred embodiment of the invention;

FIG. 2 shows a semiconductor device package according to
another preferred embodiment of the invention;

FIG. 3 shows a semiconductor device package according to
yet another preferred embodiment of the invention;

FIG. 4 shows a flowchart of a method of fabricating a
semiconductor device package according to a preferred
embodiment of the invention;

FIGS. 5A~5C show the steps of fabricating the semicon-
ductor device package of FIG. 1; and

FIGS. 6A~6C show the steps of fabricating the semicon-
ductor device package of FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a semiconductor device package according to
apreferred embodiment of the invention. The semiconductor
device package 100 includes a substrate 101, a buffer struc-
ture 103, two active chips 105, 107 and a bridge chip 109. The
substrate 101 has a cavity 111, a first surface 101a¢ and a
second surface 1015 opposite to the first surface 101a. The
cavity 111 is extended from the first surface 101a toward the
second surface 1015, and the buffer structure 103 is disposed
in the cavity 111. The active chips 105 and 107 are mechani-
cally and electrically connected to the first surface 101a and
around the cavity 111. The active chips 105 and 107 both have
anactive surface. The bridge chip 109 is disposed in the cavity
111 and above the buffer structure 103. The bridge chip 109
has an active surface that faces the active surfaces of the active
chips 105 and 107 and is partially overlapped with the active
surfaces of the active chips 105 and 107. Therefore, the bridge
chip 109 can be used for providing a proximity communica-
tion between the active chips 105 and 107.

The buffer structure 103 includes a vesicant material,
which is preferably a thermosetting material. For example,
the vesicant material is a heat release tape. In particular, the
heat release tape is REVALPHA #3195MS heat release tape,
which decreases its bond strength at a temperature of from
about 90° C. to about 150° C. and which is available from
Nitto Denko of Osaka, Japan. The buffer structure 103 can
help to control the gap between the active chips 105 and 107
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and the bridge chip 109, and prevents the bridge chip 109
from direct contacting the substrate 101 on the manufacturing
process as well as provides support to the bridge chip 109.

As shown in FIG. 1, the semiconductor device package 100
further includes two adhesion layers 113 and 115. The adhe-
sion layer 113 is disposed between the active chip 105 and the
bridge chip 109, and the adhesion layer 115 is disposed
between the active chip 107 and the bridge chip 109. The
adhesion layers 113 and 115 are used for combining the active
chips 105, 107 and the bridge chip 109. The adhesion layers
113 and 115 may be formed of underfill material. In one
embodiment, the adhesion layers 113 and 115 may comprise
spacer balls thereby helping to control the gap between the
active chips and the bridge chip. Take transmission by capaci-
tive coupling for example. The active surfaces of the active
chips 105 and 107 both have a plurality of signal pads, i.e.
signal pads 105a and 1074, at least partially and respectively
aligned with a plurality of signal pads 109« disposed on the
active surface of the bridge chip 109, such that there is capaci-
tance effect generated between a pair of the signal pads of the
active chips 105 and 107 and the bridge chip 109 because the
signal pads of the active chips 105 and 107 are capacitively or
inductively coupled to the signal pads of the bridge chip 109,
which provides the signal communication between the active
chips 105, 107 and the bridge chip 109. It is this capacitive
coupling that provides signal paths between the active chip
105 and the bridge chip 109 and between the active chip 107
and the bridge chip 109. Changes in the electrical potential of
the surface metal of a signal pad cause corresponding changes
in the electrical potential of the metal comprising the corre-
sponding signal pad. Suitable drivers of the transmitter circuit
and sensing circuits of the receiver circuit in the respective
chip make communication through this small capacitance
possible.

As shown in FIG. 1, the active chips 105 and 107 are
mechanically and electrically connected to contacts or pads
(not shown) on the first surface 101a of the substrate 101 via
solder bumps 117a and 119aq, respectively. The gap between
the chips and the substrate is sealed by an underfill 117 and
119 thereby strengthening and stabilizing the interconnection
between the chips and the substrate and increasing the solder
joint reliability between the chips and the substrate.

Alternatively, the active chips 105 and 107 may be
mechanically and electrically connected to the first surface
101a via metal bumps preformed on the bonding pads of the
chips and an anisotropic conductive adhesive film (ACF).
One type of anisotropic adhesive suitable for forming the
ACF is known as a “z-axis anisotropic adhesive”. Z-axis
anisotropic adhesives are filled with conductive particles to a
low level such that the particles do not contact each other in
the xy plane. Therefore, compression of the material in the z
direction establishes an electrical path.

FIG. 2 shows a semiconductor device package according to
another preferred embodiment of the invention. The semicon-
ductor device package 200 includes a substrate 201, a buffer
structure 203, two active chips 205 and 207, a bridge chip 209
and two pillar sets 211 and 213. The substrate 201 has a first
surface 201qa and a second surface 2015 opposite to the first
surface 201a. The buffer structure 203 is disposed on the first
surface 201a.

The pillar sets 211 and 213 are disposed on two sides of the
buffer structure 203 respectively, and each of the pillar sets
211 and 213 has a plurality of pillars. The pillars of the pillar
sets 211 and 213 can be conductive pillars made of metals
such as Cu, Au, Ag, etc.

The active chips 205 and 207 are disposed on the pillar sets
211 and 213 and electrically connected to the first surface
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201a by the pillar sets 211 and 213. The active chips 205 and
207 both have an active surface. The active chips 205 and 207
have a plurality of signal pads 205a and 207a, respectively.
The bridge chip 209 is disposed on the buffer structure 203
and below the active chips 205 and 207, and has an active
surface and a plurality of signal pads 2094. The active surface
of the bridge chip 209 faces the active surfaces of the active
chips 205 and 207 and the signal pads 205a and 207q are
aligned with the signal pads 2094 on the active surface of the
bridge chip 209, such that the bridge chip 209 can be used for
providing a proximity communication between the active
chips 205 and 207.

As shown in FIG. 2, the semiconductor device package 200
further includes two adhesion layers 215 and 217. The adhe-
sion layer 215 is disposed between the active chip 205 and the
bridge chip 209 for combining the active chip 205 with the
bridge chip 209. The adhesion layer 217 is disposed between
the active chip 207 and the bridge chip 209 for combining the
active chip 207 with the bridge chip 209. The adhesion layers
215 and 217 may be formed of underfill material. In one
embodiment, the adhesion layers 215 and 217 may comprise
spacer balls thereby helping to control the gap between the
active chips and the bridge chip.

The semiconductor device package 200 further includes an
underfill 219. The underfill 219 is disposed between the pillar
sets 211,213 and the substrate 201, filling the space within the
pillar sets 211 and 213. The underfill 219 is used for enhanc-
ing the attachment of the pillar sets 211 and 213 to the sub-
strate 201 as well as protecting the pillars of the pillar sets 211
and 213.

The buffer structures disclosed above are layer structure
however the invention is not limited thereto. FIG. 3 shows a
semiconductor device package according to yet another pre-
ferred embodiment of the invention. The semiconductor
device package 200" differs from the semiconductor device
package 200 in the buffer structure, so the same elements are
assigned with the same reference numbers and not explained
again. The buffer structure 203' includes a plurality of buffer
knobs 2034'. The bridge chip 209 is disposed on the buffer
knobs 203a".

FIG. 4 shows a flowchart of a method of fabricating a
semiconductor device package according to a preferred
embodiment of the invention. The method includes steps S11
to S14, and is elaborated with the manufacture of the semi-
conductor device package 100 of FIG. 1. FIGS. 5A~5C show
the steps of fabricating the semiconductor device package of
FIG. 1.

At first, as shown in step S11 and FIG. 5A, a chip subas-
sembly 1004 comprising two active chips 105 and 107 and a
bridge chip 109 is provided, wherein the bridge chip 109 has
an active surface 109a facing and being partially overlapped
with the active surfaces 1054 and 107a of the two active chips
105 and 107, respectively, thereby providing a proximity
communication between the two active chips 105 and 107.
The active chips 105 and 107 are connected to the bridge chip
109 by the two adhesion layers 113 and 115.

Next, as shown in step S12 and FIG. 5A, a vesicant material
103a is formed on a substrate 101, or the vesicant material
103a is formed on the backside surface 1095 of the bridge
chip 109. The substrate 101 has a cavity 111 for receiving the
bridge chip 109. Preferably, the vesicant material 103q is
applied to the cavity 111 for easy positioning.

Then, as shown in step S13 and FIG. 5B, the active chips
105 and 107 are mechanically and electrically connected to
the substrate 101 such that the vesicant material 103a is
disposed between the substrate 101 and the backside surface
10954 of the bridge chip 109. In the beginning of this step, the
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chip subassembly 100a (shown in FIG. 5A) is then turned
upside down, and the bridge chip 109 is aligned with the
cavity 111 before connecting the active chips 105 and 107 to
the substrate 101. After the bridge chip 109 is located in the
cavity 111, a reflow operation is conducted to melt the solder
bumps 117a and 1194 preformed on the active chips 105 and
107 to form a solder bond between the corresponding pads or
contacts on the chips and the substrate, thereby mechanically
and electrically attaching the active chips 105 and 107 to the
substrate 101. And, the gap between the chips 105, 107 and
the substrate 101 is sealed by underfill 117 and 119 thereby
strengthening and stabilizing the interconnection between the
chips and the substrate and increasing the solder joint reli-
ability between the chips and the substrate.

After that, as shown in step S14, the vesicant material 103a
is expanded by heating the substrate 101 to form a buffer
structure 103 filling a gap between the substrate 101 and the
bridge chip 109, as shown in FIG. 5C. Herein the fabrication
of the semiconductor device package 100 is completed.

FIGS. 6A~6C show the steps of fabricating the semicon-
ductor device package of FIG. 2. As shown in FIG. 6 A, a chip
subassembly 2004 comprising two active chips 205 and 207
and abridge chip 209 is provided, wherein the bridge chip 209
has an active surface 209a facing and being partially over-
lapped with the active surfaces 205a and 207a of the two
active chips 205 and 207, respectively, thereby providing a
proximity communication between the two active chips 205
and 207. The active chips 205 and 207 are connected to the
bridge chip 209 by the two adhesion layers 215 and 217. The
chip subassembly 200q further comprises two pillar sets 211
and 213, which are disposed on the active chips 205 and 207,
respectively, and located on two sides of the bridge chip 209.

Next, a vesicant material 203a is formed on the first surface
201a of a substrate 201.

Then, the active chips 205 and 207 are mechanically and
electrically connected to the substrate 201 such that the vesi-
cant material 203q is disposed between the substrate 201 and
the bridge chip 209, and the two pillar sets 211 and 213 are
located on two sides of the vesicant material 2034 and the
bridge chip 209.

Next, the vesicant material 2034 is expanded by heating the
substrate 201 to form a buffer structure 203 filling a gap
between the substrate 201 and the bridge chip 209, as shown
in FIG. 6B.

Then, an underfill material is provided to fill the space
within the pillar sets 211 and 219 so as to form an underfill
219, as shown in FIG. 6C, for enhancing the attachment of the
pillar sets 211 and 213 to the substrate 201 and protecting the
pillars of the pillar sets 211 and 213. Herein the fabrication of
the semiconductor device package 200 is completed. The
process for manufacturing the semiconductor device package
200" of FIG. 3 is similar to that of the semiconductor device
package 200 and is not elaborated again.

The semiconductor device package and the method of fab-
ricating the semiconductor device package according to the
preferred embodiment of the invention are disclosed above.
The semiconductor device package has a buffer structure
filling the gap between the bridge chip and the substrate, so as
to provide support to the bridge chip and avoid the bridge chip
being in direct contact with the substrate, hence eliminating
the possibility of applying force to the bridge chip which
causes stress concern to the semiconductor device package.
Moreover, the buffer structure can be formed as a layer or be
consisted of a plurality of buffer knobs, which as well absorbs
the mechanical impact to the bridge chip. Therefore, the
quality and yield of the semiconductor device package are
greatly improved.
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While the invention has been described by way of example
and in terms of a preferred embodiment, it is to be understood
that the invention is not limited thereto. On the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What is claimed is:

1. A semiconductor device package, comprising:

a substrate having a cavity, a first surface and a second
surface opposite to the first surface, wherein the cavity is
extended from the first surface toward the second sur-
face;

a buffer structure disposed in the cavity, wherein the buffer
structure comprises a vesicant material;

two active chips mechanically disposed on and electrically
connected to the first surface and around the cavity,
wherein the active chips both have a first active surface;
and

a bridge chip disposed in the cavity and above the buffer
structure, wherein the bridge chip has a second active
surface, the second active surface faces the first active
surfaces and is partially overlapped with the first active
surfaces, the bridge chip is used for providing a proxim-
ity communication between the two active chips.

2. The semiconductor device package according to claim 1,

wherein the vesicant material is a thermosetting material.

3. The semiconductor device package according to claim 1,
wherein the buffer structure comprises a plurality of knobs.

4. The semiconductor device package according to claim 1,
further comprising two adhesion layers disposed between the
active chips and the bridge chip respectively.

5. The semiconductor device package according to claim 1,
further comprising two adhesion layers disposed between the
active chips and the first surface respectively.

6. The semiconductor device package according to claim 1,
further comprising a plurality of solder bumps disposed
between the active chips and the first surface.

7. The semiconductor device package according to claim 1,
wherein the active chips each comprise a first signal pad
disposed on the first active surface, the bridge chip comprises
two second signal pads disposed on the second active surface
and in accordance with the first signal pads for capacitively or
inductively coupling to the first signal pads.

8. A semiconductor device package, comprising:

a substrate having a first surface and a second surface

opposite to the first surface;

a buffer structure disposed on the first surface;

two pillar sets disposed on two sides of the buffer structure
respectively, wherein each pillar set has a plurality of
pillars;

two active chips disposed on the pillar sets and electrically
connected to the first surface, wherein the active chips
both have a first active surface; and

a bridge chip disposed on the buffer structure and below the
active chips, wherein the bridge chip has a second active
surface, the second active surface faces the first active
surfaces and is partially overlapped with the first active
surfaces, the bridge chip is used for providing a proxim-
ity communication between the two active chips.

9. The semiconductor device package according to claim 8,
further comprising an underfill disposed between the pillar
sets and the substrate.

10. The semiconductor device package according to claim
8, wherein the buffer structure comprises a vesicant material.
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11. The semiconductor device package according to claim 14. The semiconductor device package according to claim
10, wherein the vesicant material is a thermosetting material. 8, wherein the active chips each comprise a first signal pad

disposed on the first active surface, the bridge chip comprises
two second signal pads disposed on the second active surface

. . . . and in accordance with the first signal pads for capacitively or
13. The semiconductor device package according to claim inductively coupling to the first signal pads.

8, further comprising two adhesion layers disposed between
the active chips and the bridge chip respectively. DT S

12. The semiconductor device package according to claim
8, wherein the buffer structure comprises a plurality of knobs.



